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Rhizosphere bacteria live in the soil around plant roots. Various rhizosphere bacteria are able to produce 
the hormone Indole-3-Acetic Acid (IAA) which stimulates plant growth. This study aims to isolate and 
characterize IAA-producing rhizosphere bacteria in rice plants in the rice fields of Kedungpani urban 
village, Semarang city. Bacterial enumeration was carried out using the total plate count (TPC) method. 
The isolates obtained were characterized by observation of colony and cell morphology, gram staining, 
endospore staining, catalase test, and sugar fermentation test. The ability to produce the IAA hormone was 
tested using Salkowski's reagent. The enumeration results showed that the total bacteria in the sample 
was 2.9 x 105 CFU / g. A total of 10 isolates were obtained and were able to produce the IAA hormone with 
various concentrations. Isolates KP1, KP2, KP3, KP4, KP5, KP6, KP9, KP13, KP14, and KP15 produced IAA 
with concentrations of 3.389, 5.111, 3.000, 1.667, 1.944, 5.056, 5.444, 4.500, 5.056, and 10.833 ppm, 
respectively. The results showed that there were 5 isolates with the highest IAA concentrations, namely 
KP2, KP6, KP9, KP14, and KP15 which had the potential to be used as biostimulant agents for plants. 
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The level of demand for rice as a staple 
food in Indonesia and various Southeast 
Asian countries is increasing along with the 
rapid growth of the human population. The 
use of plant growth-promoting 
rhizobacteria (PGPR) as a biostimulant 
agent is an effective and sustainable 
alternative solution to increase rice 
production (Ahemad & Kibret, 2014; 
Nasution et al., 2017). PGPR has various 
abilities, one of them is the production of 
plant hormones such as Indole-3-acetic 
acid (IAA) which can stimulate plant 
growth (Duca, et al., 2014; Fierro-Coronado 
et al., 2014). 
IAA is an important signaling 
molecule in microbial and plant 
interactions so that the ability of bacteria to 
produce IAA can increase the compatibility 
of interactions between bacteria and plants 
(Matsuda et al., 2018). Bacterial IAA at 
certain concentrations has a 
phytostimulator effect, namely the ability 
to increase plant growth by stimulating 
root growth and increasing the ratio of 
surface and volume of roots so that they are 
able to absorb water and nutrients better 
(Purwanto et al., 2017). IAA is also able to 
trigger cell division and differentiation and 
cell elongation by increasing osmotic 
pressure in cells, increasing water 
permeability into cells, reducing pressure 
from cell walls, cell wall synthesis, and 
induces the synthesis of RNA and certain 
proteins that play a role in the inhibition of 
leaf abscission and the induction of 
flowering and fruit formation (Hassan et 
al., 2015). 
Study conducted by Liu et al., (2016) 
showed that IAA-producing bacteria were 
able to stimulate transcription of genes 
encoding root tryptophan transporters 
thereby increasing tryptophan secretion by 
roots. Tryptophan is then used by bacteria 
as a substrate for the synthesis of IAA 
which eventually is able to stimulate the 
plant growth. 
Study on the isolation, enumeration 
and characterization of IAA-producing 
rhizosphere bacteria in the Kedungpani 
sub-district, Mijen sub-district, Semarang 
City has never been done before, so it is 
necessary to obtain isolates capable of 
producing IAA plant hormones and have 
the potential to be used as biostimulant 
agents. This study aims to enumerate and 
characterize IAA-producing rice 
rhizosphere bacteria in Kedungpani Mijen 
Village, Semarang City. Enumeration and 
characterization can provide an overview 
of the diversity and abundance of 
rhizosphere bacteria that indicate the level 
of soil fertility in rice fields. 
 




Place and time of research 
This study was conducted in the 
General Biology laboratory, Faculty of 
Science and Technology Walisongo State 
Islamic University, Semarang. This study 
was conducted in September and October 
2020. 
 
Research Materials and Tools 
The sample in this study was soil 
obtained from rice fields in Kedungpani 
Village, Mijen District, Semarang City. The 
materials used include nutrient agar 
medium, nutrient broth, amino acid 
tryptophan, salkowski reagent, 1.6% 
phenol red indicator solution, 0.85% 
physiological solution, glucose, lactose, 
gram staining reagent, malachite green, and 
hydrogen peroxide. While the tools used 




The soil sample used was soil planted 
with rice between the ages of 20-30 days 
after planting. Sampling was carried out 
using sterile plastic in the rice rhizosphere 
area at a depth between 0-20 cm at five 
points. The samples were then mixed into a 
composite in sterile plastic (Kesaulya et al., 
2015). The soil samples were then taken to 
the General Biology Laboratory of the 
Walisongo State Islamic University, 
Semarang for further testing. 
 
Figure 1. The location for sampling of rice 
fields in the Kedungpani sub-district, 
Mijen sub-district, Semarang city. 
 
Enumeration and Characterization  
Enumeration was carried out to 
determine the number of bacterial cells in 
the sample. Serial dilutions were carried 
out as in the study of Juwita et al., (2013) 
with modifications. A total of 10 g of soil 
samples were suspended in 90 mL of 
0.85% NaCl physiological solution to 
produce a suspension with a dilution of 10-
1. Dilutions of 10-2 to 10-6 were obtained by 
homogenizing 1 mL of the sample soil 
suspension with 9 mL of physiological 
solution in a test tube in series and 
repeated twice (duplo). A total of 1 mL of 
suspension at dilutions 10-3, 10-4, 10-5, and 
10-6  was inoculated by pour plate method 
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into a petri dish then added Nutrient Agar 
(NA) and incubated for 24 hours at room 
temperature. Method of Total Plate Count 
(TPC) was used to enumerate bacteria. 
Purification and characterization of 
isolates was carried out as in the study by 
Pambudi et al., (2017) with modifications. 
Single colonies with different 
morphological characters were taken and 
inoculated into Nutrient Agar media and 
then incubated for 18 hours. The 
macroscopic morphological 
characterization of the colony was carried 
out by observing the color, shape, edge of 
the colony, elevation, surface structure, and 
internal structure. The isolate code was 
assigned to a single colony formed after 
incubation. Each isolate was then 
characterized by observing cell 
morphology, gram staining, endospore 
staining, catalase test, and sugar 
fermentation test. 
 
IAA Production Capability Test 
Test of  the ability to produce IAA 
using the method of Gusmiaty et al., (2019) 
with modifications. The isolates were 
cultured on Nutrient Broth media 
supplemented with tryptophan with a 
concentration of 200 ppm. The cultures 
were incubated for 5 days in the dark at 
room temperature. Bacterial culture with a 
volume of 1.5 mL was centrifuged for 10 
minutes at a speed of 8000 rpm. The 
supernatant obtained was taken as much as 
1 mL and added with 4 mL of Salkowski 
reagent (150 mL H2SO4, 250 mL distilled 
water and 7.5 mL FeCl36H2O 0.5 M) then 
incubated in the dark for 30 minutes. The 
absorbance value of IAA was measured 
using a spectrophotometer at a wavelength 
of 520 nm. IAA concentrations were 
calculated using the IAA standard curve. 
 
RESULTS AND DISCUSSION 
Enumeration of rhizosphere bacteria 
The results of the enumeration of 
rhizosphere bacteria showed that the 
number of colonies that met the counting 
requirements was in the 10-3 and 10-4 
dilutions because they had the number of 
colonies between 30 and 300 with a 
bacterial density of 2.9 x 105 CFU/g (Table 
1). The 10-1 and 10-2 dilutions had more 
than 300 colonies, while the 10-5 and 10-6 
dilutions had less than 30 colonies so they 





Table 1. The results of enumeration of rhizosphere bacteria 






Study conducted by (Walida et al., 
2019; Utami et al., 2020) showed that the 
abundance of rhizosphere microbes 
affected plant productivity. The abundance 
of rhizosphere microbes was higher in land 
with high crop productivity compared to 
land with low crop productivity. High plant 
productivity indicates that the soil where 
plants grow has a good fertility level so that 
it can stimulate rhizosphere microbial 
activity. Based on Kamaruzzaman et al. 
(2020), high microbial activity can increase 
plant growth and productivity.  
 
Rhizosphere bacteria characterization 
A total of 10 rhizosphere isolates were 
obtained which were coded KP1, KP2, KP3, 
KP4, KP5, KP6, KP9, KP13, KP14, and KP15 
in Table 2. The isolates were characterized 
based on their morphological and 
biochemical properties. Of the 10 isolates 
isolated in this study, 8 of them were gram-
negative bacteria and only 2 isolates were 
gram-positive. It is in accordance with the 
results of study by Wahyudi et al. (2011) 
which showed that only a small proportion 
of IAA-producing bacteria were gram-
positive. 
Table 2. Rhizosphere Bacterial Isolation Characterization  
Character  Isolate   
KP1 KP2 KP3 KP4 KP5 KP6 KP9 KP13 KP14 KP15 
Colony 
shape 
circular circular circular Irregula
r 













Entire Entire Entire Undulat
e 







convex Flat Flat Flat Umbonate Raised Flat convex 
Colony 
surface 




















- - - - - + - - - + 
Endospore + + + - + + + + + - 








+ + + - + + + + + + 
Dilution Number of colonies TPC (CFU/g) Total Isolate 
I II   
10-3 249 267 2.9 x 105 10 
10-4 56 59 
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IAA Production Capability 
The results of this study indicate 
that as many as 10 isolates that have been 
isolated can produce IAA with different 
concentrations. A total of 5 isolates with the 
highest concentration of IAA, namely KP14, 
KP6, KP2, KP9, and KP15 produced IAA 
with concentrations of 5.056, 5.056, 5.111, 
5.444, and 10.833 ppm, respectively, after 
incubation for 5 days. KP4 isolate produced 
IAA with the lowest concentration of 1.667 
ppm (Table 3). 
Table 3. IAA concentrations of rhizosphere bacterial isolates 
Isolate Code Absorbance IAA concentration (ppm) 
KP1 0.06 3.389 
KP2 0.091 5.111 
KP3 0.053 3.000 
KP4 0.029 1.667 
KP5 0.034 1.944 
KP6 0.090 5.056 
KP9 0.097 5.444 
KP13 0.080 4.500 
KP14 0.090 5.056 
KP15 0.194 10.833 
Various growth promoting 
rhizosphere bacteria are able to produce 
various phytohormones including IAA. The 
ability to produce IAA by rhizosphere 
bacteria is an important trait in the 
selection of microorganisms that can 
increase plant growth et al., 2011). The 
ability to produce IAA by bacteria is 
influenced by the incubation time of 
bacterial culture (Bharucha et al., 2013). 
The low production of IAA by several 
isolates in this study was probably caused 
by the culture incubation time of 5 days not 
reaching the optimal growth stage. Study 
conducted by Ei et al., (2017) showed that 
the highest concentration of IAA was 
produced by isolates of rice rhizosphere 
bacteria on incubation days 21, 30, and 33 
with a range of 30 ppm to 111 ppm. 
Figure 2. Isolate with the highest production of IAA, namely KP2, KP9, and KP 14 were gram negative, 
while KP6 and KP15 were gram positive (magnification 1000x). 




A total of 3 of the 5 isolates with the 
highest levels of IAA, namely KP2, KP9 and 
KP14, were gram negative, while the other 
2 isolates, KP6 and KP15, were gram 
positive (Figure 2). According to Ozdal et al. 
(2016), IAA production by microbes varies 
between different species or different 
strains of the same species. Research by 
Vishwakarma et al. (2018) showed that 
some rhizosphere bacteria known to be 
capable of producing IAA are Rhizobium sp., 
Pseudomonas sp., Bacillus sp., Escherichia 
sp., Burkholderia sp., Micrococcus sp., 
Bradyrhizobium japonicum, and 
Staphylococcus sp. 
IAA biosynthesis by bacteria requires 
tryptophan as the main precursor 
compound. Tryptophan supplementation 
in bacterial growth media was able to 
stimulate IAA synthesis (Spaepen & 
Vanderleyden, 2011). In the rhizosphere 
soil, tryptophan used by bacteria naturally 
comes from root exudates or damaged cells 
(Chaiharn & Lumyong, 2011). Plant roots 
secrete tryptophan into the rhizosphere 
soil which is used by rhizosphere bacteria 
as a precursor for IAA synthesis (Shameer 
& Prasad, 2018). 
In general, IAA biosynthesis is carried 
out through two pathways, namely: 
tryptophan independent pathway and 
tryptophan dependent pathway. The 
tryptophan independent pathway has not 
been studied thoroughly (Duca et al., 
2014). In the tryptophan dependent 
pathway, there are five known pathways 
that use tryptophan as a precursor, namely 
indole-3-acetamide (IAM), indole-3-
pyruvate (IpyA), tryptamine (TAM), Trp 
side ring oxidase and the indole-3-
acetonitrile pathway (IAN) (Szkop & 
Bielawski, 2013). Most bacteria carry out 
IAA biosynthesis used the indole-3-
pyruvate (IpyA) and indole-3-acetamide 
(IAM) pathways (Putrie et al., 2017). 
IAA is a key hormone that regulates 
physiological processes for plant growth 
(Herlina et al., 2017). IAA can stimulate 
root growth and promote resistance to 
pathogens (Yu et al., 2018; Syamsia et al., 
2015; Peng et al., 2020). The important role 
of IAA in plant growth makes IAA-
producing rhizosphere bacteria in this 




There were 10 isolates of rhizosphere 
bacteria that were able to produce IAA with 
an abundance of bacteria of 2.9 x 105 CFU/g 
in rice fields, Kedungpani sub-district, 
Mijen district, Semarang city. A total of 5 
isolates with the highest IAA production, 
namely KP2, KP6, KP9, KP14, and KP15 
have the potential to be used as 
biostimulant agents for plants.  
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